This article scrutinizes the boiling of water in Tamil Nadu and Puducherry, India. Boiling, as it is commonly practiced, improves water quality, but its full potential is not being realized. Thus, the objective is to refine the method in practice, promote acceptability, and foster the scalability of boiling and household water treatment (HWT) writ large. The study is based on bacteriological samples from 300 households and 80 public standposts, 14 focus group discussions (FGDs), and 74 household interviews. Collectively, the data fashion both an empirical and ethnographic understanding of boiling. The rate and efficacy of boiling, barriers to and caveats of its adoption, and recommendations for augmenting its practice are detailed. While boiling is scientifically proven to eliminate bacteria, data demonstrate that pragmatics inhibit their total destruction. Furthermore, data and the literature indicate that a range of cultural, economic, and ancillary health factors challenge the uptake of boiling. Fieldwork and resultant knowledge arrive at strategies for overcoming these impediments. The article concludes with recommendations for selecting, introducing, and scaling up HWT mechanisms. A place-based approach that can be sustained over the long-term is espoused, and prolonged exposure by the interveners coupled with meaningful participation of the target population is essential.
across a wide range of physical and chemical characteristics' (Clasen ) .
Households in the study area of Nagapattinam and Karaikal practice HWT to some extent, with boiling representing the primary method. Thus, this article examines the rate and results of boiling in the study area, followed by the efficacy, barriers to, and caveats of its practice. The article ends with recommendations for improving and scaling up boiling as well as other methods of HWT.
METHODS
This study randomly selected seven housing settlements each in Nagapattinam and Karaikal Districts; eight of the 14 settlements are urban and six are rural. The settlements range in size from 22 to 892 houses, with an average of approximately 200. The bacterial quality of water was tested at 300 randomly selected houses (minimum 15 at each site) with a sterilized H 2 S test that detects the presence-absence of bacteria of fecal origin (see Table 1 ).
The H 2 S method was best suited for this study. Water quality tests were conducted a full day from a laboratory, rendering more rigorous methods infeasible. While H 2 S tests merely determine the presence-absence of hydrogen sulfide-producing agents (i.e. enteric bacteria, of which Escherichia coli is most common), it has been demonstrated that the method 'detects fecally contaminated water with about the same frequency and magnitude' as other traditional methods (Sobsey & Pfaender ) . Thus, the H 2 S method was appropriate for the rural context and accurate enough for analysis despite limitations in parametric detection. It must be mentioned that samples free of fecal coliform may contain other hazards (e.g. protozoa), and that samples with a presence of fecal coliform may not lead to sickness (i.e.
incidence is a probability). Chemical tests comprising eight parameters were also conducted at access points, but the data will not be analyzed in this article. Common results include: high pH, hardness, chlorides, and alkalinity; absence of residual chlorine; and occasionally high levels of fluoride and iron. All tests were conducted in August-September 2012 on water being consumed by each household using standard methods of the US Environmental Protection Agency. Furthermore, because households obtain drinking water from communal sources, a total of 80 access points (minimum five at each site) were tested (see Table 2 ).
These tests revealed the initial quality of water, buttressed the relevance and urgency of HWT, and established occurrences of post-point contamination (see Table 3 ). Focus group discussions (FGDs) were organized at each site. The 14 FGDs included all 300 subjects and 67 additional residents of the study sites who wished to participate (n ¼ 367).
The FGDs probed water quality issues, coping with such issues via HWT, and individuals' decisions to boil or not boil. FGDs were instrumental in pinpointing areas of broad consensus and disagreement, and served as a means to verify data from household interviews and validate external observations. Purposefully sampled semi-structured interviews lasting 1-2 hours each were conducted with a subset (n ¼ 74) of the subjects (minimum five at each site) in order to further investigate the rationale for boiling or not boiling and as media to observe how individuals boil, manage, and serve water. Purposive sampling seeks to capture rich data and its variability in an efficient manner, the objective being to uncover breadth and reach data saturation given logistical and time constraints. Lastly, this study is informed by an ethnographic approach that pursues Geertz's () goal of 'thick description'. Thus, a longitudinal frame of reference was generated by conducting four visits to the field over a four-year period. The visits encompassed all of the climatic seasons (e.g. monsoon and dry), which necessarily perturb water quality, quantity, and social systems related to water. Ultimately, culture, economics, and larger issues of coupled water-society constructs are linked to produce a case study that provides insight in both the South Indian and global contexts.
RESULTS
A sample of 300 households revealed that 20.7% of households in Nagapattinam and 22.9% in Karaikal practice HWT, resulting in a total of 21.7% (see Table 4 ), all but one of the houses engaged in HWT boiling practice. Moreover, the outcomes of HWT are alarming: of the 35 households that practiced HWT in Nagapattinam, 19 b A minimum of five taps were tested, but Uzhuvar Nagar has only four taps in total. HWT, yet they comprised 42.6% of tests negative for bacteria of fecal origin. Thus, while HWT delivered improved, albeit lackluster, results, issues of efficacy emerge, particularly when considering a method that can guarantee water free of bacteria. Therefore, the subsequent section will examine pretexts for the lower than expected proportion of safe water as well as barriers to and caveats of HWT in practice.
EFFICACY, BARRIERS, AND CAVEATS
This section begins by deconstructing the efficacy of boiling in the study area (i.e. why much boiled water fails to reach a safe standard). Next, several barriers to and the rationale for not boiling will be posited, which will be supplemented by caveats that accompany the process. Whether boiled properly or not, water stored in containers that may be contaminated (especially in episodes of prolonged storage, which is common) and served by dipping hands and cups, which likewise may be unclean, into the container present hazards for post-treatment contamination.
Collectively, insufficient boiling combined with unsanitary methods of storage and serving render boiling less efficient than it otherwise should be. 
Note that HWT households exhibited water with an absence of fecal coliform only 40% of the time, yet were more than two and a half times likely to exhibit such water.
Note that all but one of the HWT households boiled, and it revealed an absence of fecal coliform.
Assuming issues of efficacy can be surmounted, several barriers exist for households taking up boiling. First, interviews and FGDs uncovered that many households not engaged in boiling presume that government-provided water is automatically 'good water': if it comes from a pipe and has been treated then it must be safe. Furthermore, individuals often subscribe to the argument that nobody in their household is sick, so the water must be safe. In other words, if the water was contaminated then, using syllogism, members of the household would be ill. This assumption is best illuminated by Rekha of Akkaraipettai: Peru. In a similar vein, knowledge on the benefits of boiling appear to be absent among some residents of the study sites.
For example, Priya, a subject from Kizhakasakudimedu, declares:
'I boil my water every day, but some people do not believe that it's healthy. They say people who boil water get sick more often and people who drink water directly stay healthier. I tell them they're wrong, but they don't believe me and they'll never change. I am the leader of 37 women in a microcredit group in this area. I always tell them to boil; some listen and some don't. Even if they know that it's healthier many still won't do it. What to do?' Turning to barriers, which pressure cookers tangentially address, changing the time of boiling may prove helpful.
Given that women, the primary handlers of water, are busy in the morning (when water arrives), and in an effort to circumvent the preference of many not to consume hot water, it is recommended that water be boiled in the evening. Water boiled in the evening would be cooled by morning, facilitating the consumption of treated water throughout the day and enabling household members to carry it to school and work. Furthermore, it is likely that more adults are present in the household in the evening, permitting the boiler to fulfill the task while others watch over the children, which would reduce opportunities for burns. Next, in an attempt to mask the undesirable flavor of boiled water, to which subjects expressed opposition, it is posited that additives be introduced during the boiling process. For example, in the study area, it is common to add cumin, bark from Caesalpenia sappan (a tree with ayurvedic properties), and herbs to water. Additives would render the water more palatable, thus increasing the likelihood of consumption among those who remain adverse to the aesthetics of raw boiled water.
In terms of caveats, while the use of pressure cookers would diminish the hazard of tipping, thereby reducing the risk of burns, other caveats can be addressed. First, the temporality of boiling, particularly during the monsoon and in bouts of illness, must be expanded. The benefits of boiling for epidemiological bases, that is its capacity to prevent would-be diseases which are commonly conceptualized as 'non-events', must be articulated to at-risk populations. Boiling during the monsoon is a prudent practice, not because the air temperature is relatively cold, but because water quality decreases with the deluge of floodwaters and saturated soils enveloping shoddy underground pipes and public standposts. However, while differential health results would be attained, continuing the practice year-round must be distinguished as a mechanism for maintaining health throughout the year. Furthermore, communicating that numerous illnesses, which serve to spawn temporary episodes of boiling, are progenies of poor water quality (prima facie) is warranted. Thus, knowledge on waterborne diseases and their manifestations, combined with evidence that continuous boiling can mitigate incidents of disease from occurring in the first place, is a step towards increasing the scope of boiling. Moreover, since the opportunity costs of boiling embody a significant barrier, it may prove useful to couch incidences of disease as opportunity costs themselves: they keep adults from work, children from school, make domestic tasks difficult, and bring hardships. Thus, conveying that opportunity costs of boiling in the present will be rewarded with fewer cases of sickness in the future may gain traction, in effect adding value to the 'non-events'.
workshops in the target community, working through local health clinics, performing continued monitoring and evaluation, and that interveners exercise prolonged exposure, not one-off sessions (Schmidt & Cairncross ) . Through these approaches, target populations are more willing to modify their behaviors, especially when the method is easy to perform and materials are locally sourced. Furthermore, interveners can oversee the practice of HWT, evaluate its efficacy, gain acceptance (through repeated visits), and incorporate user feedback. Thus, the patronizing approach of 'provision and adoption' is evaded by building rapport, cultivating participation, and instilling value and ownership, which collectively enhance project performance and user acceptability.
While the approaches outlined above are widely accepted and practiced to some extent by health professionals and non-governmental organizations, the format for conducting such activities must be iterated.
First, a survey or pilot study should be conducted in order to identify the best method for HWT given the initial quality of water, demographics of the target population, and practices that will be sustainable and minimally intrusive for the end users. Pre-intervention field visits also allow for In addition to demonstrations, cueing materials, and follow-ups, education on hygiene and sanitation practices, which secondarily deteriorate water quality, must be imparted (see Table 3 ). Topics for education include: keeping public taps and their environs clean and dry; washing collection vessels with soap; the mal-effects of storage;
proper serving procedures; and not reusing plastic beverage bottles (which are difficult to clean given their narrow necks and may leach chemicals over time). Information dissemination on the benefits of such practices will both maintain the initial quality of water, thereby reducing the quantity of microbes that must be removed by HWT, and curb incidents of post-HWT contamination.
As for selecting an HWT technology, no universally optimal choice exists considering variability in target popu- Table 2 ). The aggregate is that 72% (54 of 75 samples) of water supplied to the study sites was tainted with enteric bacteria before it reached the household, with quality deteriorating post facto from retrieval, storage, and serving processes (see Table 3 ). Thus, informed by dialogues with government officials and the totality of fieldwork, it is recommended that the governments: improve existing disin- 
